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Abstract 
Tournament anglers typically possess extensive knowledge of the habitat and seasonal movement of 
their targeted species. While fish‐angler behavioral relationships are critical to understand fish 
catchability, few studies have assessed how fish behavior influences their vulnerability to capture by 
tournament anglers. Our objectives were to determine if Largemouth Bass Micropterus salmoides 
behavior, angler behavior, and environmental conditions affect tournament angler catch rate (CPUE) and 
bass capture probability at fishing tournaments. Forty‐nine bass were tracked weekly using radio 
telemetry during a four‐month period. Five tournament anglers were also selected at weekly tournament 
events and tracked continuously using a handheld GPS unit. We quantified individual bass behaviors 
(home range, weekly movement rate, depth use, and spatial overlap with anglers), angler behaviors (depth 
use, angler movement rate), and environmental conditions (air and water temperature) and used these 
estimates as covariates in a multiple regression model to assess their effects on tournament CPUE and 
then used a multistate mark‐recapture model to estimate bass capture probability at tournaments. Our 
results indicate that bass movement rate, angler fishing depth, and air temperature were highly correlated 
to tournament angler CPUE. Mark‐recapture models also indicated air temperature and angler‐bass 
overlap were positively associated with bass capture probability while bass total length, home range, 
movement rate, and depth use were not successful in characterizing individual variation in capture 
probability. Our results indicate that bass that are encountered by anglers are more likely to be captured. 
Whereas, mismatches between angler and bass behavioral factors including depth use and movement 
rates may result in decreased tournament capture rates. Consideration and continued evaluation of the 
relationships between bass and angler behaviors and environmental variables is critical to fisheries 
management as tournament pressure paired with high capture probabilities and selective angling can 
have large‐scale population level impacts. 
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Abstract 
Tournament anglers typically possess extensive knowledge of the habitat and seasonal movement of 
their targeted species. While fish-angler behavioral relationships are critical to understand fish 
catchability, few studies have assessed how fish behavior influences their vulnerability to capture by 
tournament anglers. Our objectives were to determine if Largemouth Bass Micropterus salmoides 
behavior, angler behavior, and environmental conditions affect tournament angler catch rate (CPUE) 
and bass capture probability at fishing tournaments. Forty-nine bass were tracked weekly using radio 
telemetry during a four-month period. Five tournament anglers were also selected at weekly 
tournament events and tracked continuously using a handheld GPS unit. We quantified individual 
bass behaviors (home range, weekly movement rate, depth use, and spatial overlap with anglers), 
angler behaviors (depth use, angler movement rate), and environmental conditions (air and water 
temperature) and used these estimates as covariates in a multiple regression model to assess their 
effects on tournament CPUE and then used a multistate mark-recapture model to estimate bass 
capture probability at tournaments. Our results indicate that bass movement rate, angler fishing depth, 
and air temperature were highly correlated to tournament angler CPUE. Mark-recapture models also 
indicated air temperature and angler-bass overlap were positively associated with bass capture 
probability while bass total length, home range, movement rate, and depth use were not successful in 
characterizing individual variation in capture probability. Our results indicate that bass that are 
encountered by anglers are more likely to be captured. Whereas, mismatches between angler and bass 
behavioral factors including depth use and movement rates may result in decreased tournament 
capture rates. Consideration and continued evaluation of the relationships between bass and angler 
behaviors and environmental variables is critical to fisheries management as tournament pressure 
paired with high capture probabilities and selective angling can have large-scale population level 
impacts.
Keywords:  Telemetry, Spatial-overlap, mark-recapture, home range, depth use, CPUE
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Introduction
Measurement of the interaction among resource abundance, fishing effort, and catch rate has 
been coined catchability (Arregúin-Sánchez 1996). Catchability depends on the ability of anglers to 
successfully locate areas where fish are present (Quinn and Deriso 1999; Salthaug and Aanes 2003; 
Beverton and Holt 2012). Thus, anglers can increase catchability of fish by selectively targeting areas 
where fish reside. In some economically important commercial fisheries, anglers may use tactics such 
as spotters in small planes, sophisticated technology, and intensive effort to locate fish (Pillai et al. 
1997; Ruttan and Tyedmers 2007). While technology is also a largely used means of locating fish in 
recreational fisheries (e.g., global positioning systems (GPS), side scan sonar, depth finders; 
Leadbitter 2000; Cooke and Cowx 2006), many anglers also rely on their understanding of preferred 
habitats of the fish they are targeting to increase their chances of capture (Bear and Eden 2011; 
Beardmore et al. 2013). For example, specialist and tournament anglers focus their efforts on a 
particular species of fish, compete to catch the largest fish (length or weight) and the highest total 
weight of multiple fish during tournament events, and attempt to understand the behaviors of the fish 
(location, depth, movement patterns) in order to locate (Loomis and Ditton 1987; Wilde et al. 1998; 
Bear and Eden 2011), and catch their target species. 
In addition to angler behavior, fish behavior may also have a large influence on probability of 
angler capture. A range of factors, including environmental and individual fish variation, can 
influence fish behavior. For example, fish movements can vary seasonally, where many species are 
generally found in shallow water during the spring to spawn, but use deeper water in the summer, fall, 
and winter to find thermal refuge or feed (Raibley et al. 1997; Sammons et al. 2003; Hanson et al. 
2007). Fish movement rates can affect home range size, defined as the area over which an animal 
regularly travels (Burt 1943; Hayne 1949). Home range size can vary seasonally in fish, with the 
largest home ranges observed during summer (Warden and Lorio 1975; Sammons and Maceina 2005) 
while searching for food due to increased metabolism of fish with increasing temperatures (Brett and 
Glass 1973; Fraser et al. 1993). Further, fish body size can affect behaviors, as larger fish may travel 
further in search of food as a result of greater energy demands (McNab 1983; Niimi and Beamish 
1974). Finally, distinct sedentary and mobile segments of fish populations have also been identified 
(Moody 1960; Messing and Wicker 1986) that have different behavioral patterns that may also affect A
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their vulnerability to angling (Alós et al. 2012). Thus, environmental and seasonal factors, individual 
fish variation, and angler behavior all may play some role in capture probability. Yet, how these 
factors influence fish capture vulnerability by anglers is unknown.
Pairing telemetry data with angler spatial patterns has been identified as a tool to improve our 
understanding of fish catchability (e.g., Mathias et al. 2014; Weimer et al. 2014). For instance, past 
assessments of fish movement and behaviors have led to hypotheses that regions of a system exist 
where fish are safe from angling due to lack of spatial overlap between fish and anglers (Martin 1958; 
Cox and Walters 2002). Quantifying fish and angler overlap can allow for a better understanding of 
areas where fish are more vulnerable to angling. Further, such assessments can identify potential 
temporal patterns in overlap to understand how catchability may change seasonally or in relation to 
environmental effects. Combined, understanding the intricate relationship between fish, anglers, and 
the environment may guide fishery management decisions in highly targeted species (e.g., protected 
areas; Dicenzo et al. 2016; Cooke et al. 2017). 
While much work has been completed on the influence of fish behavior on catchability 
(Dwyer 1990; Brauhn and Kinciad 1992; Nuhfer and Alexander 1994; Cooke et al. 2007; Redpath et 
al. 2009), little information is available regarding the relationships between fishing behavior of 
tournament anglers and the species they target. One of the most rapidly growing segments of black 
bass Micropterus spp. fisheries is competitive catch and release fishing events (Schramm et al. 
1991a). Recent reports estimated upwards of 40,000 bass tournaments were held in the southeastern 
United States in 2012 (Driscoll et al. 2012). Competitive angling events can involve hundreds of 
anglers participating in numerous fishing events on a single system annually (Schramm et al. 1991b; 
Driscoll and Myers 2014) that can result in physiological effects (Cooke et al. 2002; Suski et al. 2003) 
as well as initial and delayed mortality (Schramm et al. 1987; Hartley and Moring 1995; Sylvia and 
Weber 2019) that may alter bass populations (Kerns et al. 2016). Thus, it is important to understand 
how bass and angler behaviors as well as environmental variables affect the ability of tournament 
anglers to capture bass. 
Our objectives were to determine the influence of behavioral patterns (movement rate, home 
range, and depth) of Largemouth Bass Micropterus salmoides (hereafter referred to as bass) and 
tournament anglers and environmental influences on tournament angler catch rates and probability of A
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individual bass capture at fishing tournaments. We hypothesized that increased angler overlap with 
bass, as well as increased movement rate and home range of bass, would increase tournament catch 
rates and probability of capture. Our results are useful in understanding behaviors and patterns of both 
bass and tournament anglers that can affect tournament capture and bass population dynamics. 
<A>Methods 
Sampling.— Brushy Creek Lake (hereafter Brushy Creek) is a 279 ha reservoir in Webster County, 
Iowa, USA. The lake has a mean depth of 8.9 m, a maximum depth of 22.9 m, a mean Secchi disk 
depth of 1.63 (SE, 0.68), and has a high density of both emerged and submerged coarse woody habitat 
[mean 2.0 trees/100 m2 (SE, 0.004)]. Native aquatic vegetation (filamentous algae spp., Duckweed 
(Lemna minor), Watermeal (Wolffia spp.), American Pondweed (Potamogeton nodosus), Southern 
Naiad (Najas guadalupensis), Coontail (Ceratophyllum demersum), Sago Pondweed (Potamogeton 
pectinatus), Water Milfoil (Myriophyllum heterophyllum), Water Stargrass (Heteranthera dubia) is 
also common throughout the lake as well as two aquatic invasive species, Brittle Naiad (Najas minor) 
and Curly Leaf Pondweed (Potamogeton crispus). Although not quantified, abundance of vegetation 
varied throughout the tournament season, but was relatively dense within the littoral zone of the lake 
throughout the entire sampling period. Brushy Creek was divided into four approximately equal 
quadrants: South, East, West, and North. Approximately 12 bass were collected from each region of 
the lake in April 2018 via daytime electrofishing (pulsed DC 300 V and 8 amps; Smith root VVP-
15B) to attain a representation of bass from the entire lake. Fifty-one bass >700 g (<2% tag:body 
weight; Winter 1996) and ≥381 mm total length (minimum bass length limit on Brushy Creek) were 
retained, weighed (g), measured (mm), and radio tags (Advanced Telemetry Systems (ATS), Isanti, 
Minnesota; F1835, 14 g in water) were implanted into the intracoelomic cavity using established 
surgical methods (Adams et al. 2012). Transmitters operated on a frequency of 148.010-151.050 kHz 
and were programmed to be activated for 897 days with power on for 24 hours per day (pulse rate 
0.01%/volt). Fish were held in a recovery tank with oxygen flow to recover post-surgery. Once 
swimming behavior returned to normal, bass were returned to their initial capture location. Bass 
implanted with telemetry tags were also tagged on the top left jaw with an individually numbered 
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metal Monel butt end band [selected due to their high retention for black bass (Micropterus spp.); 
100% after one year in Smallmouth Bass Micropterus dolomieu (MacCrimmon and Robbins 1979)]. 
Tracking.— Tracking began approximately one week following implantation of radio tags and 
occurred weekly thereafter. Data were censored for the first week of tracking, two weeks prior to the 
first fishing tournament, to remove movement that may be biased as a result of capture, tag 
implantation, and relocation or mortality resulting from surgery or relocation of fish. All recorded 
mortalities occurring during the censored period (n = 2) may have been the result of fish capture and 
surgery and were removed from analysis (Bacheler et al. 2009; Friedl et al. 2013). Tracking occurred 
from boat using a 3 element folding Yagi antennae. Bass were located once gain was at the lowest 
achievable setting. Range testing indicated bass to be a maximum of 2 m away at the lowest 
achievable gain setting in up to 6 m of water in Brushy Creek. Bass were tracked every Wednesday 
during the open water bass tournament season from May 9 to August 15, 2018 to determine location 
prior to bass tournaments that afternoon. A bass was considered dead if no movement occurred across 
five consecutive weeks and removed from analysis beginning with the first week of no movement
Angler and Tournament Sampling.— All weekly bass tournaments (occurring every Wednesday from 
5:00 pm to dusk) at Brushy Creek were attended and censused (i.e., every tournament captured bass 
was assessed) from May 9 to August 15, 2018 [n = 15 tournaments; mean 28 anglers per tournament, 
(SE = 1)] and followed a 381 mm minimum length limit and a three bass/angler bag limit. Number of 
anglers, number of boats, and number of bass weighed-in were recorded for each tournament event. 
Five tournament anglers were selected at each tournament event and equipped with a Trimble 
navigation GPS on their boat to record location every 30 seconds throughout the event. Anglers were 
randomly identified for tracking through contact at boat ramps. Following the fishing event, GPS 
units were returned and GPS tracks were uploaded for analysis. Following weigh-in, all bass were 
placed in an insulated live-well with supplemental oxygen. All fish were weighed (g), measured (mm; 
total length), searched for telemetry tags, and released at the tournament ramp on the southeastern 
corner of the lake (same boat ramp was used for all tournaments). 
Analysis.— Bass movement, depth use, and home ranges.— To quantify the behavioral component of 
bass that would later be used in the capture probability and catch rate analyses,  minimum weekly 
movement rates (m/week) were calculated by determining the minimum in-water distance (Little et al. A
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1997) between two consecutive locations divided by the number of weeks between bass locations. To 
avoid overestimating movement rates of the seven tournament captured bass as a result of anglers 
moving bass to the weigh-in site, the distance traveled from the tournament release point to the next 
recorded location was used to calculate the next consecutive movement rate. Depth at location was 
determined by overlaying weekly bass locations with a 1 m by 1 m bathymetry contour map of 
Brushy Creek (Iowa Department of Natural Resources; https://geodata.iowa.gov/; last accessed May 
20, 2019) in ArcGIS (ESRI 2011). A global average of bass depth use was used for individuals on 
dates that bass were not located during tracking. Use of global averages in mark-recapture models 
allows missing individual covariates to be accounted for without influencing the mean of the observed 
values (Cooch and White 2001). While this method can lead to smaller variance estimates, we 
assumed the influence would be negligible as only 153 of 2206 events of the total location data were 
subject to this assumption. Minimum convex polygons (MCP) methods were used to estimate bass 
home range size across the sampling period. Bass locations were plotted in ArcGIS and 90% MCP 
home ranges, used to remove outliers that may significantly influence home range size (White and 
Garrot 1990), were estimated using the Home Range Tools for ArcGIS 10 extension (version 2.0.20; 
Rodgers et al. 2007). Home range sizes were only calculated for bass that were located a minimum of 
five times to adequately estimate home range size, as home range sizes have been found to increase 
estimation bias with decreasing number of locations (Girard et al. 2002). While the use of a minimum 
of five locations may influence estimation of home range size, we assumed that such estimates 
realistically represented relative bass space use trends and their relation to angler capture rates given 
the sixteen sampling periods for the purposes of this evaluation. However, interpretation of such home 
range estimates in relation to previously published home range sizes should be approached with 
caution (Gautestad and Mysterud 1995). Home range size for one bass could not be estimated due to 
only three locations and was assigned a global average of home range size in the mark-recapture 
model (Cooch and White 2001). 
Angler movement, depth use, and locations estimation. — To quantity the behavioral component of 
tournament anglers and its impact on capture probability and catch rates, movement, depth use, and 
spatial extrapolation were completed in ArcGIS. Maximum boat speed limit on Brushy Creek is 8.0 
km/hr and trolling was not an allowed means of fishing during tournament events. Thus, angler A
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movements > 2.4 km/hr during the tournament were removed from the analysis, as we assumed 
movements above such speeds represented moving to a new fishing location and did not represent 
fishing. Hourly angler movement rates (m/hr) were calculated by determining the minimum in-water 
distance between two consecutive locations divided by the number of hours in the tournament. 
Estimates were averaged across the five sampled anglers for each weekly tournament event. Mean 
weekly tournament angler depth (m) was calculated by overlaying all tournament angler locations for 
each individual tournament with the 1 x 1 m bathymetry contour map of Brushy Creek described 
above (Iowa Department of Natural Resources) in ArcGIS (ESRI 2011) and extracting depths at each 
fishing location. To determine probability of angler presence on the lake, we used 95% kernel density 
estimators for each week. A rectangle grid was pre-imposed on Brushy Creek using the ArcGIS 
geostatistical analysis package and an estimate of the angler density probability was obtained for each 
grid section (Johnston et al. 2001). Bandwidths or smoothing parameters are needed for kernel 
estimators and are used to determine the width of the kernel. A least squares cross validation (LSCV) 
method was used to select the bandwidth with a minimum score for the error because animal 
utilization distributions may violate the standard bivariate normal assumption needed for a reference 
kernel (Seaman and Powell 1996). 
 Fish-Angler overlap estimates. — Once probability density estimates representing the number of 
angler locations per every m2 were determined for weekly tournament events, we overlaid fish 
location and calculated the cumulative angler density (Tattersall 2011) within a 10-m radius of each 
bass location to test the influence angler presence on the probability of capture. To avoid 
underestimating potential overlap of anglers with telemetered bass, total angler density overlap was 
extrapolated from the five sampled anglers to the total number of anglers fishing during the event by 
taking the average angler overlap density of individual bass for the five angler locations and 
multiplying the value by the total number of anglers during the event. We chose the 10-m radius by 
using the estimated hourly movement rate of bass (1.1 m/hr) to account for potential movement 
between tracking and tournament events as well as anglers casting distances away from boat 
locations. 
Multiple regression model. — To understand the influence of angler and fish behaviors and 
environmental factors on overall tournament catch-per-unit-effort (CPUE), a multiple linear A
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regression using the lm function in program R (RStudio Team 2015) was used to evaluate the 
relationship and contribution of potential predictors on CPUE (number of bass/number of angler 
hours fished) of tournament events. We assumed that behaviors quantified from the subset of bass and 
anglers were representative of the entire populations (e.g., average movement rate, depth use, angler-
bass overlap, etc. of the five anglers that were tracked weekly was assumed to be representative for all 
anglers during this period). Predictors included a continuous variable of mean weekly angler depth 
use, mean weekly angler movement rate, mean weakly cumulative angler overlap with bass, mean 
weekly bass movement rate, mean weekly bass depth, and mean air temperature on the day of the 
tournament. Backwards stepwise procedures were used for model selection, where lower Akaike’s 
Information Criterion values represented the most parsimonious model (Akaike 1973). Assumptions 
of linearity, multivariate normality, and homoscedasticity were assessed by summary statistics and 
diagnostic plots in program R. 
Multistate mark-recapture model.— We analyzed individual bass encounter histories in program 
MARK (White and Burnham 1999) to evaluate factors affecting individual bass capture probabilities 
at tournament angling events. We used a live capture multistate model for maximum likelihood 
estimates of survival (S), detection probability (p), and capture probability (transition of bass from 
Brushy Creek to the tournament, ψ; White et al. 2006). We chose the multistate specification as the 
transition probability from the lake to the tournament state was an indicator of capture probability of 
bass given the fact that fish could not transition into a tournament event unless they were captured by 
a tournament angler and brought to the weigh-in (Figure 1). Multistate models are an extension of the 
Cormack-Jolly-Seber model that use capture-recapture data to understand individual movement of 
animals among a finite number of states (Lebreton et al. 1992). 
Assumptions of the live capture multistate model are that every marked animal present in 
some state immediately following time t has the same probability of detection and the same 
probability of surviving until time t + 1 and moving to another state by time t + 1. Additionally, state 
at time t + 1 is dependent only on the state at time t, and survival at time t + 1 is not dependent on the 
state at time t. Basic notation of the estimation of survival, detection, and transition events follow 
probabilities associated with each capture occasion conditional on the fish’s first release, where Sirs is 
the probability that fish i alive in state r at time t, is still alive and in state s at time t + 1, and pis is the A
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probability that fish i alive in state s at time t is recaptured at time t. For example, a recapture history 
of three occasions between two states A and B (AAB) would be modelled as 
P(AAB) = SAApASABpB
in the maximum likelihood function. 
Bass could reside in one of two states in the multistate model. States were based on location in 
Brushy Creek (B) using telemetry or capture at a fishing tournament (T; Figure 1). Interval duration in 
the model was alternated between 6.5 days, representing the period between the end of a tournament 
event to the next telemetry tracking event, and 0.5 days, representing the period between a tracking 
event and tournament event. Intervals were adjusted in program MARK to calculate daily estimates. 
Telemetered bass could be observed alive and in Brushy Creek, alive and in a tournament state, 
unobserved in the lake, or dead in the lake or the tournament state. Transitions could occur from 
Brushy Creek to a tournament (ψ B to T), from a tournament to Brushy Creek (ψ T to B), or remain in 
Brushy Creek (ψ B to B). As such, transition of bass from Brushy Creek to a tournament event could 
only occur if a bass was captured by a tournament angler and brought to weigh-in, indicating the 
tournament capture probability of an individual fish in the lake by an angler. While it was possible 
that an angler captured and released one of the telemetered bass prior to tournament weigh in, anglers 
rarely captured three fish at tournaments and no telemetered bass were reported as culled during the 
tournament events. Thus, it is unlikely that a telemetered bass was captured and not brought to the 
tournament weigh-in. 
Fish could not stay in a tournament state (i.e., live-release tournaments where bass could not 
remain in the boat ramp parking lot following the tournament weigh-in); thus, transition probability of 
individuals from the tournament to Brushy Creek was fixed to 1.0 (Figure 1). Additionally, detection 
probabilities in the tournament state were set to one, as all bass captured at a tournament event were 
examined at weigh-in where tags were not overlooked. Bass that were released or culled prior to 
weigh-in were not considered tournament captured bass, as they did not experience the full 
tournament event. Tournament detection probabilities and transitions into tournaments during events 
where only lake sampling occurred were set to 0.0 whereas detection probabilities of bass in Brushy 
Creek during events where only tournaments occurred were also set to 0.0. Survival rates for bass 
from the start of a tournament to tournament weigh-in (i.e., initial mortality) were set to 1.0 for all A
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tournament events except for July 25, 2018 in which a telemetered bass was observed as an initial 
tournament mortality. Bass tournament survival was also set to 1.0 for all intervals where no 
tournament event occurred. Tag loss, reporting, and emigration was not relevant in the model, as no 
bass lost their radio tags during the sampling period, all tournament-captured bass were censused, 
evaluated for a telemetry tag, and reported, and no bass emigrated from the study area. 
Capture histories were created for 49 bass, where an individual received a letter for the state 
they were observed in during the sampling period and a 0 if it was not observed during the sampling 
period. Telemetered bass that were known deaths during the study (n = 10) were censored in the 
model by receiving a -1, thus ignoring all recapture history after the last known capture. Although, 
censoring known bass mortalities in Brushy Creek within our mark-recapture model has the potential 
to bias Brushy Creek bass survival estimates high, not removing these bass from the analysis can bias 
tournament capture probability, the only parameter of interest in this study, low. Thus, we chose to 
accept the potential biases in survival instead of tournament capture probability, as our objectives 
were to evaluate factors affecting tournament capture and not survival of bass in Brushy Creek. Time-
varying covariates were used in the analysis to account for variation in survival rates and detection 
probability in Brushy Creek and probability of capture at a tournament. Covariates for survival and 
detection probability included mean daily water temperature (°C) sampled continuously with 
temperature loggers (Onset Corporation HOBO Pendant Temperature/Light 64K Data Logger, 15 min 
sampling intervals) from two locations within the lake at 0 and 4.6 m depth, and mean daily air 
temperature (°C; attained from NOAA climate data, https://www.ncdc.noaa.gov/cdo-web/, last 
accessed on May 20, 2019). Water and air temperature were evaluated in the recapture probability 
models as the ability to detect fish using radio telemetry is affected by depth of fish, which may 
change as a result of weather patterns (Winter 1996; Sisak and Lotimer 1998; Shroyer and Logdson 
2009). Mean daily air and water temperature (°C) were also evaluated for tournament capture 
probability, as were individual covariates for each bass including weekly angler overlap, weekly 
movement rate, weekly depth use, and home range, and average angler behavioral covariates 
(movement rate and depth use).
We characterized variation in detection probability, survival, and capture probability using 
hierarchical model-selection procedures based on Akaike’s Information Criterion, where lower AIC A
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values and higher Akaike weights represent the most parsimonious model (Akaike 1973). Models 
were established in this order to control for the main sources of variation on recapture probability and 
survival, thus maximizing power to detect patterns in capture probability. Although bias can be 
introduced using an ad hoc method, it also reduces the number of a priori hypotheses tested and 
parameter estimates are generally comparable to hypotheses using all possible model combinations 
(Doherty et al. 2010). Models developed to explore variation in bass detection probability, survival, 
and capture probability can be found in Tables 3 and 4. 
<A>Results
Fifteen tournament angling events were censused during the study period. An average of 47 
(SE, 4.0) bass were captured at each tournament event with an average of 29 (SE, 0.9) anglers per 
tournament. Tournaments lasted 3.3 to 4.0 h and resulted in an average bag per angler of 1.6 (SE, 0.1) 
bass (Table 1).  A total of 51 bass were implanted with telemetry tags. Captured bass averaged 399 
mm (SE, 4.5 mm, range was 381 to 534 mm). Two bass died during the censored period and were 
removed from analysis. Of the remaining 49 bass, seven bass were captured once at bass tournaments 
(14.3%), but no bass were captured at multiple tournament events (0.0%). A total of ten telemetry 
bass died during the study period, one due to initial tournament mortality (2.0%) and nine confirmed 
dead in Brushy Creek (18.3%). 
Bass movement, depth use, and home ranges. — Bass movement rates (m/week) were variable among 
individuals and weeks. Individual movement rates of fish ranged from 16.1 to 628.9 m/week whereas 
the global average movement rate was 186.8 m/week (SE, 12.0). Average weekly movement rates 
ranged from 80.1 to 305.5 m/week (Table 2) with high movement rates from May 9 to June 13 
followed by lower movement rates from June 20 to August 15. Average depth used by bass varied 
among individuals ranging from 0.7 m to 4.5 m. Average weekly depth use was relatively constant 
across weeks, with average weekly depth use only ranging from 1.9 m to 2.5 m (Table 2) and a global 
average depth use of 2.2 m (SE, 0.1). Home range was pooled across the study period with an average 
home range of 9.0 ha (SE, 2.4). Home ranges were also variable among bass, with a minimum of 0.04 
ha and a maximum of 76.40 ha. 
Angler movement, depth use, and fish-angler overlap. — Average weekly angler movement rate was 
87.6 m/hr (SE, 6.2), with a maximum movement rate of 123.4 m/hr on May 9 and a minimum A
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movement rate of 45.0 m/hr on June 6. Anglers exhibited high movement rates in early May, followed 
by a general decline from late May to early June, after which angler movement increased but 
exhibited high variability during the remainder of the tournament season (Table 1). In contrast to bass, 
average depth used by anglers varied through time, ranging from 3.7 m to 6.2 m with an average 
depth use of 5.0 m (SE, 0.24). Angler-bass overlap varied temporally and among individual bass 
(Table 2) and all bass experienced intervals with no angler overlap. Average angler overlap across 
bass and across weeks was 0.0028 angler locations/10 m2 (SE, 0.0002; Table 2). 
Multiple regression model. —. Average tournament CPUE was 0.43 bass/angler hour (SE, 0.03), with 
minimum tournament CPUE of 0.28 bass/angler hours on July 25 and maximum tournament CPUE of 
0.66 bass/angler hour on May 16 (Figure 2A). Stepwise regression determined the best model in 
describing variation in tournament CPUE included effects of air temperature, fish movement rates, 
and anger fishing depth with an AIC score of -89.7 that described 86% of the variance in tournament 
angler CPUE compared to an AIC score of -84.2 for the full model that described 81% of the 
variability in CPUE . 
𝑇𝑜𝑢𝑟𝑛𝑎𝑚𝑒𝑛𝑡 𝐶𝑃𝑈𝐸 =  0.288 ― 0.07 (𝑎𝑛𝑔𝑙𝑒𝑟 𝑑𝑒𝑝𝑡ℎ) + 0.007 (𝑎𝑖𝑟 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒)
+ 0.001 (𝑓𝑖𝑠ℎ 𝑚𝑜𝑣𝑒𝑚𝑒𝑛𝑡 𝑟𝑎𝑡𝑒)
Multistate mark-recapture model. — Of the five models evaluated describing variation in telemetered 
bass detection probability in Brushy Creek, the best-supported model included a quadratic effect of 
water temperature (∆AICc = 0.00, wi = 0.95; Table 3). Confidence intervals of the beta estimates for 
all three parameters did not include zero (intercept, waterT, waterT2; Table 5). Detection probability 
was high overall, but highest at lower and higher water temperatures (Figure 3). Detection probability 
estimates were highest at water temperatures of 20.5 °C (mean: 0.893, 95% CI: 0.827, 0.936) and 12.6 
°C (mean: 0.861, 95% CI: 0.797, 0.907) and lowest at water temperatures of 16.2 °C (mean: 0.702, 
95% CI: 0.627, 0.767). The remainder of the models received little support for explaining variation in 
detection probability (∆AICc > 7.70; Table 3).
Of the five models describing bass survival in Brushy Creek, the most supported model was 
the simplest model where survival was constant (∆AICc = 0.00, wi = 0.34; Table 3). The other four 
models also received some support for linear and quadratic effects of water and air temperature 
(∆AICc < 2.0). Bass daily survival in Brushy Creek was estimated at 0.998 (95% CI: 0.996, 0.999) 
across the 16 weeks resulting in a cumulative survival estimate of 0.70 for the May through August A
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(four month) tracking period. Initial survival for bass in tournaments was 1.00 for all tournament 
events except for July 25, 2018 in which a telemetered bass was observed as an initial tournament 
mortality, resulting in a 14.3% initial mortality of bass at tournament events and a population level 
initial mortality of 2% for the entire study period.   
Of the models evaluated to describe tournament capture probability, the top model included a 
linear effect of angler overlap and a linear effect of water temperature (∆AICc = 0.00, wi = 0.24; Table 
4). Models including angler overlap and quadratic patterns in water temperature (∆AICc = 1.91, wi = 
0.09) as well as interactive effects of air temperature and angler overlap (∆AICc = 1.98, wi = 0.09) 
also resulted in some support. Angler overlap was positively related to bass tournament capture 
probability. Air temperature was also positively related to capture probability. The highest capture 
probability was 0.033 (95% CI: 0.009, 0.111) at an air temperature of 27.2 °C, and an overlap 
probability density of 0.001 anglers locations/10 m2. The lowest capture probability was 0.001 (95% 
CI: 0.001, 0.014) at an air temperature of 17.2 °C, and an overlap probability density of 0.002 angler 
locations/10 m2 (Figure 4A and 4B). All beta estimates (intercept, angler overlap, and airT) in the 
final capture probability model did not include zero (Table 5) and bass tournament capture probability 
remained relatively stable across fishing tournaments (Figure 2B). Bass home range (∆AICc = 6.64, wi 
= 0.01), movement rate (∆AICc = 7.61, wi = 0.01), depth use (∆AICc = 6.59, wi = 0.01), and fish 
length (∆AICc = 6.04, wi = 0.01) were not associated with tournament capture probability. Water 
temperature (∆AICc = 7.5, wi = 0.01), angler movement rate (∆AICc = 6.97, wi = 0.01), and angler 
depth use (∆AICc = 6.85, wi = 0.01) were also not influential in describing variability on capture 
probability, nor were combinations of the models with any of these individual covariates included 
(∆AICc > 2.0). 
<A>Discussion 
Quantifying fine scale patterns of anglers by means of geospatial tracking has been used in 
commercial and marine fisheries (Hartog 2011; Queiroz 2015). However, assessing angler behaviors 
in freshwater systems has received less attention (but see Matthias et al. 2014; Weimer et al. 2014). 
We know of no other studies that have evaluated relationships between bass and tournament anglers 
that may be more successful at capturing fish compared to other angler types (Fisher 1997). Angler A
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overlap with bass varied across the summer in Brushy Creek. However, all fish had some amount of 
angler overlap, indicating that tournament anglers are able to target areas where bass are present. 
Temporal changes in angler movement patterns are likely reflective of angler’s perceptions of 
temporal changes in bass locations in attempts to increase overlap and probability of capture. For 
example, depth use of anglers progressively increased through time, with anglers in May focusing 
fishing effort in shallow, protected reservoir arms, representative of potential bass spawning habitats 
(Mesing and Wicker 1986). Alternatively, anglers fished deeper littoral regions of the lake during 
warmer months when bass are thought to move to cooler, deeper waters with increased temperatures 
(Hubert and Lackey 1980; Sammons et al. 2003; Hanson et al. 2007). However, bass in Brushy Creek 
did not significantly change depth use over the sampling period and remained in relatively shallow 
water overall (2.20 m), potentially due to the large amount of available course woody habitat and 
vegetation. This trend was further reflected in the negative relationship between angler depth and 
tournament CPUE in the regression model. Further, tournament anglers had higher CPUE during 
times they targeted shallow areas of the lake and overlapped more with bass in their depth use. These 
findings lend support to the concept that anglers change patterns based on environmental conditions in 
an attempt to match fish’s time-spaces (Bear and Eden 2011), but may represent a potential mismatch 
in overlap with bass later in the season.
Increased fish movement rates, home ranges, and depth use can result in increased encounter 
rates with fishery gears (Palmer et al. 2011; Parsons et al. 2011). We found no support indicating that 
bass behaviors affected capture probability of individual fish. However, mean bass movement 
changed seasonally and was highly correlated with tournament CPUE. Increases in tournament CPUE 
with increased bass movement rates early in the season may be related to warming water temperatures 
and spring spawning activity (Breder 1936; Heidinger 1975) when bass exhibit aggressive behaviors 
(e.g., nest guarding) and may be more vulnerable to angling (Suski et al. 2003; Suski and Philipp 
2004). Further, these movement rates may have increased the probability of tournament anglers 
occupying the same areas as bass. For example, high movement rates of bass between targeted and 
untargeted areas can negate the protection of those untargeted or unused regions of systems (Matthias 
et al. 2014). Alternatively, when movement rates of fish are low, regions of a system can exist where 
fish are less vulnerable to angling (Cox and Walters 2002). Reduced movement of bass later in the A
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season, as seen in late June through August potentially due to increases in available habitat 
(submerged vegetation), may have led to a lower probability of overlap of bass with anglers. 
Although not quantified in this study, we observed increased aquatic vegetation density later in the 
season in Brushy Creek, which has been found to result in decreased movement rates in fish 
(Ahrenstorff et al. 2009). Conversely, bass using shallow open regions of the lake early in the season 
may have been more easily accessed and fished by tournament anglers. Thus, there is likely a 
connection between fish behavior and angler success at the population level (i.e., tournament angler 
CPUE), even if not at an individual level (i.e., bass capture probability). 
Tournament anglers exhibited variability in movement rates across weeks, with some weeks 
resulting in anglers covering larger amounts of the shoreline and others resulting in anglers choosing 
to remain single areas of the lake. Mean weekly angler movement rates were not correlated with 
tournament CPUE and did not influence capture probability, indicating there is likely no single 
method that is most likely to result in successful capture of bass. Anglers have been found to employ 
an “optimal foraging strategy” in their fishing, where they must choose to either spend their time in a 
single area where they believe overlap with bass is high or spend time searching which increases 
potential chances of overlap with bass (Aswani 1998; Richard et al. 2017). These patterns may change 
seasonally or in relation to bass behavior. Average angler movement was highly variable throughout 
the study period. However, we found no benefit of either of these strategies for increasing bass 
capture rates on a weekly basis. Had we completed our analysis on individual anglers instead of mean 
weekly rates, we may have seen an effect on individual catch rates. Alternatively, these patterns may 
not be apparent in smaller reservoirs such as Brushy Creek, as anglers can more easily cover large 
areas of the lake during tournament events while still spending time in single locations, whereas larger 
reservoirs may see more acute effects of anglers’ decisions to move or stay. For example, anglers in a 
870-ha lake were better at locating Bluegills Lepomis macrochirus during open water due to the 
ability to reach more overlapping habitat, as opposed to vertical jigging during ice-up (Weimer et al. 
2014). 
Angler movement decisions are further influenced by their understanding of the interaction 
between bass behaviors and environmental variables (Whittaker et al. 2006). Air temperature 
influenced bass tournament capture probability and may signify changes in bass behavior. Fishes are A
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known to change behaviors with water temperature, such as swimming speed (Watz and Piccolo 
2011) and foraging patterns (Brett and Glass 1973; Fraser et al. 1993), resulting in the potential for 
altered angling vulnerability. However, changes in air temperature, as opposed water temperature, 
may have more immediate impacts on bass capture probability, as shifts in air temperature can signify 
environmental deviations such as air pressure, turbidity and light levels that may affect the sensory 
abilities of fish (Coutant 1975). Further, changes in air temperature may also cause anglers to alter 
fishing patters including fishing gears and presentation (Lennox et al. 2016) that may also alter bass 
catch rates. Thus, combinations of these effects may have resulted in increased capture probability of 
individual fish. 
Quantifying behavioral patterns of fish and anglers can be challenging given the difficulty in 
collecting data for both groups of interest on the same space-time scale (Cooke et al. 2016). While we 
were able to attain such information in this study, multiple assumptions were still required to model 
relationships. First, weekly tracking resulted in bass having a maximum of 16 known locations. This 
low number of locations may have resulted in higher estimates of home ranges (Messing and Wicker 
1986; Ahrenstorff et al. 2009) and more accurately represents the maximum area occupied by the fish 
during the study. Thus, home range estimates for bass in Brushy Creek should be compared to other 
studies with caution, but provide a relative metric of space use among bass in this study. Second, only 
five anglers were tracked per tournament following the assumption that they were a representative 
sample of all anglers during that tournament (i.e., all unsampled tournament anglers followed similar 
patterns as sampled tournament anglers during the fishing event). This is a realistic assumption as all 
anglers used similar depths and followed similar average movement rates during tournaments events. 
However, when considering fish-angler overlap, underestimation of angler overlap probability 
densities may have occurred. To account for this possibility we extrapolated our kernel density 
estimates of fish angler-overlap to incorporate differences in the number of anglers per tournament, 
accounting for the more than five anglers we tracked during each event. While other studies have 
modelled the distribution of both fish and anglers across a landscape (see Matthias et al. 2014), our 
objectives were to focus on fine scale differences between bass and anglers. Since tracking movement 
patterns of all tournament anglers during all fishing events was unrealistic, we chose to accept the 
assumptions of these techniques.  A
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Our results indicate that bass tournament capture probability is partially explained by their 
overlap with anglers but not bass behaviors. Bass capture probability is also dependent on 
environmental conditions and was positively related to increased air temperature. Such findings may 
lead to concerns for fishery managers indicating higher capture probability at warmer temperatures, 
when tournament survival is lower (Kwak and Henry 1995; Gingerich et al. 2007; Sylvia and Weber 
2019). However, the mismatch between the depth use of anglers and bass and decreased movements 
of bass late in the season leading to decreases in CPUE may help offset the potential for high 
percentages of the population being brought into tournaments during times when bass are especially 
vulnerable to tournament mortality. This is further reflected in the average number of fish captured 
per angler at tournament events (1.60, mean; 0.11, SE), indicating that tournament anglers rarely 
reach their bag limit. Anglers’ knowledge of a system and their target species, the changing 
behavioral patterns of that species and the environmental influences that drive such changes have all 
been central in describing catchability of fish through time (Martin 1958; Cox and Walters 2002; 
Cooke et al. 2017). However, the alignment of such factors (i.e., anglers successfully locating bass 
and behavioral and environmental patterns lending themselves to increased vulnerability of bass to 
fishing) may be less common than originally assumed. Consideration of the impact of such variables 
is still important as occurrence of this alignment has the potential to increase capture probability and 
can lead to large portions of bass populations experiencing tournament angling stressors. Given that 
prior research has indicated the influence of capture probability of bass at tournament events is a 
greater contributor to population-level effects than tournament mortality (Sylvia 2019), and high 
tournament pressure paired with selective angling can have large-scale population level impacts 
(Cooke and Schramm 2007; Taylor et al. 2015; Kerns et al. 2016), continued evaluation of the 
relationships of fish and anglers is critical to fishery management. 
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Table 1. Characteristics of tournament angling events held at Brushy Creek Lake, and mean values of weekly covariates used in multistate 
models to estimate angler capture probability (ψ) of telemetered Largemouth Bass in Brushy Creek Lake, IA, USA from 9 May 2018 
through 15 August 2018.
Date
Number 
of bass
Number 
of anglers
Mean 
bass/angler
Tournament 
duration (h)
Mean 
bass/angler/h
Air 
temperature 
(°C)
Water 
temperature 
(°C)
Angler 
depth use 
(m)
Angler 
movement 
rate (m/h)
9-May 50 34 1.47 3.5 0.42 17.22 11.98 3.65 121.19
16-May 67 29 2.31 3.5 0.66 19.44 12.62 3.85 123.40
23-May 69 31 2.23 3.6 0.62 23.89 13.05 3.98 60.66
30-May 78 36 2.17 3.75 0.58 22.22 12.79 3.90 62.43
6-Jun 64 30 2.13 3.8 0.56 25.56 13.09 3.99 45.03
13-Jun 52 30 1.73 3.85 0.45 18.89 15.03 4.58 79.67
20-Jun 41 23 1.78 4 0.45 21.11 16.17 4.93 77.11
27-Jun 38 32 1.19 4 0.30 22.22 16.80 5.12 93.84
4-Jul 36 25 1.44 4 0.36 25.56 17.69 5.39 121.86
11-Jul 41 29 1.41 3.9 0.36 27.22 18.89 5.76 73.35
18-Jul 34 29 1.17 3.8 0.31 23.89 18.57 5.66 85.30
25-Jul 33 31 1.06 3.75 0.28 21.67 19.76 6.02 78.34
1-Aug 34 24 1.42 3.6 0.39 21.11 19.73 6.01 116.28
8-Aug 30 26 1.15 3.5 0.33 22.22 19.33 5.89 87.27
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15-Aug 36 26 1.38 3.25 0.43 23.89 20.19 6.15 87.57
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 to estimate capture probability (ψ) of telemetered bass in Brushy Creek Lake, IA, USA from 9 May 2018 through 15 August 2018.
Movement rate (m/week) Depth use (m) Angler overlap (anglers locations/10 m2)
Date
Mean SE Min. – Max. Mean SE Min. – Max. Mean SE Min. – Max.
9-May 189.78 47.57 1.20 - 1,857.19 2.15 0.20 0.31 - 7.32 0.00233 0.0002 0.000000 - 0.00642
16-May 305.52 90.42 1.41 - 3,487.73 2.25 0.19 0.61 - 7.32 0.00266 0.0004 0.000000 - 0.01051
23-May 249.73 53.30 1.50 - 1,557.77 2.23 0.23 0.31 - 9.75 0.00494 0.0010 0.000000 - 0.03405
30-May 257.99 64.24 2.84 - 2,174.23 2.10 0.21 0.31 - 8.53 0.00437 0.0007 0.000000 - 0.01808
6-Jun 176.47 44.31 1.90 - 1,486.20 2.39 0.25 0.31 - 9.75 0.00515 0.0011 0.000000 - 0.03010
13-Jun 214.00 48.77 1.0 - 1,486.20 2.25 0.25 0.31 - 7.32 0.00257 0.0003 0.000000 - 0.00729
20-Jun 107.86 21.50 1.0 - 617.43 2.29 0.25 0.31 - 9.75 0.00153 0.0002 0.000000 - 0.00966
27-Jun 80.10 18.33 1.30 - 617.43 1.88 0.21 0.31 - 7.32 0.00294 0.0004 0.000000 - 0.01270
4-Jul 88.38 17.97 1.30 - 617.43 2.24 0.25 0.31 - 8.53 0.00187 0.0002 0.000000 - 0.00811
11-Jul 129.76 36.59 2.13 - 1,246.37 2.23 0.21 0.31 - 6.71 0.00113 0.0002 0.000000 - 0.00304
18-Jul 119.22 37.60 1.30 - 1,356.89 2.08 0.20 0.31 - 4.88 0.00186 0.0002 0.000000 - 0.00587
25-Jul 108.13 28.88 2.25 - 938.62 1.98 0.19 0.31 - 4.88 0.00252 0.0005 0.000000 - 0.01404
1-Aug 130.84 26.51 4.12 - 727.46 2.48 0.25 0.31 - 5.49 0.00298 0.00037 0.000000 - 0.01005
8-Aug 128.56 22.52 4.12 - 559.70 2.24 0.28 0.31 - 9.75 0.00331 0.0007 0.000000 - 0.02350
15-Aug 135.32 23.06 3.62 - 559.70 2.15 0.25 0.31 - 7.32 0.00181 0.0004 0.000000 - 0.01536
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Table 2. Mean, standard error (SE), minimum, and maximum values of Largemouth Bass movement rate, depth use, and angler overlap 
used in multistate models
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Table 3. All Cormack-Jolly-Seber multistate models used to estimate detection probability (p) and survival (S) of telemetered Largemouth 
Bass in Brushy Creek, IA, USA for 31 periods beginning 9 May 2018 through 15 August 2018. Effects evaluated influencing p and S 
include linear and quadratic water temperature (°C; waterT; waterT2), linear and quadratic air temperature (°C; airT, airT2), and a constant 
rate (.). Parameters in the table include K = number of parameters, Deviance = -2 x log-likelihood of the model less -2 x log-likelihood of 
the saturated models (same number of parameters and degrees of freedom), AICc = sample-sized corrected Akaike’s Information Criterion, 
and Wi = calculated Akaike weight.
Models AICc ∆AICc Wi K Deviance
Detection probability (p)
   p (waterT +waterT2) 743.50 0.00 0.95 5 733.38
   p (airT + airT2) 751.20 7.70 0.02 5 741.08
   p (airT) 751.83 8.33 0.01 4 743.75
   p (.) 752.95 9.45 0.01 3 746.90
   p (waterT) 754.97 11.47 0.00 4 746.89
Survival (S)
   S (.) 743.50 0.00 0.34 5 733.38
   S (waterT + waterT2) 744.68 1.19 0.19 7 730.46
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   S (waterT) 744.83 1.33 0.17 6 732.67
   S (airT + airT2) 744.83 1.33 0.17 6 732.67
   S (airT) 745.10 1.60 0.15 6 732.93
Table 4. All Cormack-Jolly-Seber multistate models used to estimate angler capture probability (ψ) of telemetered Largemouth Bass in 
Brushy Creek Lake, IA, USA for 31 periods beginning 9 May 2018 through 15 August 2018. Effects evaluated influencing ψ include linear 
and quadratic air (airT, airT2) and water (waterT, waterT2) temperature (°C), angler overlap, bass home range, bass movement rate, bass 
depth use, fish length, angler movement rate, and angler depth use. Parameters in the table include K = number of parameters, Deviance = -
2 x log-likelihood of the model less -2 x log-likelihood of the saturated models (same number of parameters and degrees of freedom), AICc 
= sample-sized corrected Akaike’s Information Criterion, and wi = calculated Akaike weight.
Model AICc ∆AICc Wi K Deviance
ψ (angler overlap + airT) 737.89 0.00 0.24 7 723.67
ψ (angler overlap + airT + airT2) 739.80 1.91 0.09 8 723.52
ψ (angler overlap + airT + angler overlap * airT) 739.87 1.98 0.09 8 723.59
ψ (angler overlap) 740.33 2.44 0.07 6 728.16
ψ (airT) 740.45 2.55 0.07 6 728.28
ψ (angler overlap + depth + angler overlap * depth) 740.93 3.04 0.05 8 724.65
ψ (angler overlap + fish length) 741.01 3.11 0.05 7 726.79
ψ (angler overlap + home range) 741.18 3.29 0.05 7 726.96
ψ (angler overlap + depth) 741.44 3.55 0.04 7 727.22
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ψ (angler overlap + angler depth) 741.89 4.00 0.03 7 727.67
ψ (angler overlap + angler movement rate) 741.98 4.08 0.03 7 727.76
ψ (airT+airT2) 741.99 4.10 0.03 7 727.77
ψ (angler overlap + movement rate) 742.30 4.41 0.03 7 728.08
ψ (angler overlap + movement rate + angler overlap * movement rate) 742.76 4.87 0.02 8 726.48
ψ (angler overlap + fish length + angler overlap * fish length) 742.77 4.88 0.02 8 726.49
ψ (.) 743.50 5.60 0.01 5 733.38
ψ (fish length) 743.93 6.04 0.01 6 731.76
ψ (angler overlap + depth + movement rate + home range) 744.18 6.29 0.01 9 725.82
ψ (depth) 744.48 6.59 0.01 6 732.31
ψ (home range) 744.53 6.64 0.01 6 732.37
ψ (angler depth) 744.74 6.85 0.01 6 732.58
ψ (angler movement rate) 744.86 6.97 0.01 6 732.70
ψ (waterT) 745.19 7.30 0.01 6 733.03
ψ (movement rate) 745.50 7.61 0.01 6 733.33
ψ (waterT + waterT2) 747.14 9.25 0.00 7 732.92
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834  Table 5. Cormack-Jolly-Seber estimates of final model: [S (.) p (waterT + waterT2) ψ (angler 
835 overlap + airT)] of telemetered Largemouth Bass in Brushy Creek, IA, USA for 31 periods 
836 beginning 9 May 2018 through 15 August 2018. Estimate = beta estimate of parameter. SE = 
837 Standard Error of beta estimate. 95% LCI = 95% lower confidence interval of beta estimate of 
838 parameter. 95% UCI = 95% upper confidence interval of beta estimate of parameter. Best model 
839 determined by sample-sized corrected Akaike’s Information Criterion (AICc).
840
841
842
843
844
845
846
Parameter Estimate SE 95% LCI 95% UCI
Survival
Intercept 6.229 0.355 5.533 6.924
Detection probability 
Intercept 19.742 5.113 9.721 29.762
WaterT -2.317 0.639 -3.569 -1.065
WaterT2 0.071 0.020 0.033 0.109
Angler capture probability
Intercept -12.915 4.268 -21.263 -4.566
Angler overlap 95.913 37.450 22.503 169.323
AirT 0.347 0.175 0.005 0.689
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847 Figure Captions
848 Figure 1. Conceptual diagram of multistate mark-recapture model design for estimation of 
849 detection, survival and capture probabilities of 49 telemetry tagged Largemouth Bass in Brushy 
850 Creek, IA, USA from 9 May 2018 to 15 August 2018. Brushy Creek and Tournament represent 
851 states within the model. Arrows represent capture probability (ψ) into the tournament states, p 
852 represents detection probabilities within states, and S represents survival estimates of each state. 
853 ψ B-B = 1 - ψ B-T.
854 Figure 2. Weekly tournament CPUE (# bass/angler hour ± SE; A) and weekly tournament angler 
855 capture probability (B) of 49 telemetered Largemouth Bass in Brushy Creek, IA, USA from 9 
856 May 2018 to 15 August 2018. Solid lines around estimates represent 95% confidence intervals.
857 Figure 3. Estimated detection probability (p) of 49 telemetered Largemouth Bass in Brushy 
858 Creek, IA, USA in relation to mean daily air temperature from 9 May 2018 to 15 August 2018. 
859 Solid lines represent 95% confidence limits.
860
861 Figure 4. Estimated tournament capture probability (ψ) of 49 telemetered Largemouth Bass in 
862 Brushy Creek, IA, USA in relation to mean daily air temperature (A) and angler overlap 
863 probability density (B), 9 May 2018 to 15 August 2018. Solid lines around estimates represent 
864 95% confidence limits.
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Figure 4.
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